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Abstract 
The paradigm of "space-time coding", introduced in 1998, involves the use of multi- 
ple antennas at  both the transmitter and receiver for communication across a wireless 
channel. The advantages of using space-time codes over the wireless chanqel are two- 
fold: with intelligent signal design, better reliability and higher rates can be achieved, 
although there is a tradeoff between the two. 
Two formulations which quantify the best possible reliability and rate that a space- 
time code can simultaneously achieve have been recently proposed in the literature: the 
ratodiversity tradeoff and the diversity-multiplexing gain (D-MG) tradeoff. The rate- 
diversity tradeoff applies in the context of a system with a fixed constellation (i-e., one 
that does not increase with signal to noise ratio (SNR)) and is based on pairwise error 
probnbiIity. The D-MG tradeoff however, is based on codeword error probability and 
employs an information theoretic formulation. The formulation assumes that the con- 
stellation grows with SNR. Further, the D-MG tradeoff is defined under the asymptotic 
of very high SNR. 
In the initial part of this thesis, we will present an explicit construction of minimal- 
delay (square) space-time codes that achieve the D-MG tradeoff for arbitrary number of 
transmit and receive antennas. The tradeoff optimality of this construction is concluded 
from a recently proposed sufficient condition, which is part of a joint work that does 
not appear in this thesis. The suficient condition, in  wnjunction with the comtmctions 
presented in this thesis, constitutes the first solution to the problem of providing explicit 
constructions of space-time codes that achieve the D-MG tradeoflfor arbitmry number of 
tmnsmit end ~ c e i v e  antennas. The constructions presented in tfii thesis are b d  on
cyclic division algebras, which may be thought of as generalizations of the quaternions. 
Some work related to  reducing the signalling complexity of these constructions is also 
presented. Following this, generalizations of the constructed square space-time codes to  
the rectangular case are dealt with. 
The final part of our thesis will focus on providing a generalization to the rank- 
distance spacotime (RDST) codes introduced recently by Lu and Kumar as a family 
of space-time codes that meet the rate-diversity tradeoff. The generalization proposed, 
called the variable-rank RDST code, is shown to have a better D-MG tradeoff than the 
RDST construction. The RDST codes and their generalization employ commonly used 
constellations such as QAM and PSK as their signalling alphabet, thus making them 
attractive for practical implementations. 
